Abstract. The present study aimed to assess the expression of legumain in uveal melanoma (UM) cell lines and primary UM specimens, and to determine the possible association between legumain expression and clinical as well as pathological characteristics to reveal its impact on the prognosis of patients with UM. Records of primary UM cases treated at Beijing Tongren Hospital and Tianjin Eye Hospital between 1996 and 2005 were retrieved for analysis and a total of 82 patients with uveal melanoma were included in the study. The expression of legumain in the formalin-fixed and paraffin-embedded surgical specimens of these 82 patients was determined using immunohistochemical analysis. In addition, the expression of legumain was examined in two uveal melanoma cell lines using polymerase chain reaction and western blot analyses. The association of legumain expression with clinical/pathological characteristics was analyzed using the χ 2 and Fisher's exact test. In addition, the impact of legumain on the prognosis of patients with uveal melanoma was examined. Upregulation of legumain was more predominant in the highly invasive uveal melanoma cell line MUM-2B compared with that in the MUM-2C with low invasiveness. Of 82 primary uveal melanoma tissues, 35 exhibited high expression of legumain, while the other 47 specimens exhibited low or negative expression of legumain. High legumain expression was primarily associated with local invasion of UM. Overall survival analysis revealed that the patients with high legumain expression exhibited poorer survival than patients with low/negative legumain expression. These findings suggested that upregulation of legumain is associated with malignant behavior of UM and that legumain may be used as an negative prognostic factor as well as a therapeutic target.
Introduction
Uveal melanoma (UM) is the most common type of primary malignant intraocular tumor in adults. Hematogenous dissemination is the predominant avenue for UM metastasis due to the lack of lymphatic vessels in the eyes (1) . UM is highly malignant and the primary site of UM metastasis is the liver. Approximately 50% of patients with UM develop metastasis within 15 years after diagnosis of the primary tumor and the mortality rate is 40-50% (2, 3) . Therefore, it is necessary to discover prognostic markers to identify UM cells with high invasive and metastatic potential and to develop therapies to prevent the generation of metastasis from these cells.
Legumain is a cysteine endopeptidase of the asparaginyl endopeptidase family (4) , which has been identified in parasites (5) and mammals (6) . Overexpression of legumain has been reported in several types of human solid tumor, including colon and breast cancers (7) (8) (9) . Legumain has a highly restricted specificity requiring an asparagine at the P1 site of its substrates (10) . It has also been demonstrated to activate pro-gelatinase A, which is required for extracellular matrix degradation (7, 11) . Cells overexpressing legumain possess an increased migratory activity in vitro and exhibit invasive and metastatic phenotypes in vivo. Therefore, legumain has been suggested to be involved in tumor invasion and metastasis by degrading extracellular matrix proteins (7) . Due to the enrichment of legumain in tumors and its unique restricted specificity, it has been considered to be a potential target for inhibiting tumor metastasis (12) (13) (14) and for pro-drug therapy (7, (15) (16) (17) .
However, to the best of our knowledge, the expression of legumain and its impact on the prognosis of patients with UM have not yet been investigated. The purpose of the present study was to determine the expression of legumain in UM cell lines and primary UM specimens, and to determine the association between legumain expression and clinical and pathological characteristics to ultimately reveal its impact on the prognosis of patients with UM.
Materials and methods
Patients and samples. The records of primary UM cases treated at Beijing Tongren Hospital (Beijing, China) and Tianjin Eye Hospital (Tianjin, China) between 1996 and 2005 were retrieved for analysis. The inclusion criteria for the present study were as follows: Histological confirmation of primary UM, no previous history of UM, radiotherapy, thermotherapy or chemotherapy, and the availability of data from a five-year follow-up. A total of 82 cases, comprising 45 males (age, 48-72 years) and 37 females (age, 46-70 years) were enrolled in the present study and all patients had provided written informed consent to their tumor tissues being used for scientific studies. Formalin-fixed and paraffin-embedded surgical specimens of these 82 patients were obtained. The study protocols were approved by the Medical Ethics Committee of Tianjin Eye Hospital (Tianjin, China) and Beijing Tongren Hospital (Beijing, China).
Cell lines and culture. The highly invasive UM cell line MUM-2B and the poorly invasive UM cell line MUM-2C at passage 6 were established by Seftor et al (18) and kindly provided by Dr Rong Xiang (College of Medicine, University of Nankai, Tianjin, China). Cells were incubated in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a humidified atmosphere containing 5% CO 2 .
Reverse-transcription quantitative polymerase chin reaction (RT-qPCR).
Total RNA was isolated from UM cell lines using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and cDNA was synthesized using the Superscript III First Strand Synthesis system (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's instructions. PCR was performed using IU Taq DNA Polymerase (Sigma-Aldrich, St. Louis, MO, USA) and MgCl 2 at a final concentration of 1.5 mM in a total volume of 25 µl. qPCR was performed using Fast SYBR Green Master mix, according to the manufacturer's instructions (Applied Biosystems Inc., Foster City, CA, USA) and GAPDH was used as the control gene. The following primers were used: Legumain, forward: 5'-GATGAACCACCTGCCGGATAA-3' and reverse: 5'-CATCATAGTAACAGGCGTAGGACGA-3'; GAPDH, forward: 5'-GAACGGGAAGCTCACTGG-3' and reverse: 5'-TCCACCACCCTGTTGCTGTA-3'. The PCR primers were synthesized by Shanghai Invitrogen Biotechnology Co., Ltd. (Shanghai, China). PCR cycles consisted of initial denaturation at 95˚C for 5 min followed by 35 amplification cycles of denaturation at 94˚C for 45 sec, annealing at 50˚C for 45 sec and extension at 72˚C for 45 sec, and final extension at 72˚C for 10 min. Each reaction was performed in triplicate. The 2 -ΔΔCq method was used to calculate the relative expression levels of the target gene (19) . The expression level of Legumain was log2-transformed and expressed as the legumain/GAPDH expression ratio (2 -ΔΔCT ).
Western blot analysis. Whole-cell protein samples were prepared by homogenization in RIPA lysis buffer (Nanjing KeyGen Biotech Co., Ltd., Nanjing, China) supplemented with a protease and phosphatase inhibitor cocktail. Immunof luorescence staining. Melanoma cell lines (30,000 cells/chamber) were grown on cover slips and fixed in 4% paraformaldehyde for 10 min at room temperature, rinsed twice with PBS, permeabilized with 0.01% Triton X-100 (Sigma-Aldrich) in PBS for 10 min and blocked in 3% bovine serum albumin (Sigma-Aldrich)/PBS for 1 h. The cells were incubated with 1:1,000 primary antibody (rabbit polyclonal anti-legumain antibody; Sigma-Aldrich) overnight at 4˚C, and subsequent to washing, incubated with secondary antibody (Alexa Fluor ® 488 Goat Anti-Rabbit SFX kit; cat. no. A31627; 1:1,000 dilution; Invitrogen; Thermo Fisher Scientific, Inc.) at room temperature for 2 h. Finally, the cells were mounted in mounting medium containing 4',6-diamidino-2-phenylindole dihydrochloride (DAPI; Vectashield ® Mounting Medium with DAPI; Vector Laboratories, Inc., Burlingame, CA, USA). Fluorescence images were captured and analyzed using a Nikon Eclipse 90i microscope (Nikon Corp., Tokyo, Japan).
Immunohistochemistry. Immunohistochemical staining was performed on 4-µm formalin-fixed, paraffin-embedded sections. The sections were incubated at 60˚C for 12 h and de-paraffinized 2-3 times in xylene for 10 min each, followed by incubation in 100% ethanol for 5 min, hydration in 95, 70, 50 and 30% ethanol for 5 min each, and de-pigmentation in kalium hypermanganicum for 30 min. The sections were rinsed in ethanedioic acid and then in PBS three times prior to transfer into citrate buffer. For antigen retrieval, the sections were placed in a high-pressure cooker for 8 min and then incubated at room temperature for 30 min. The sections were then rinsed in PBS (pH 7.4) and incubated with 3% H 2 O 2 in methanol for 20 min to block endogenous peroxidase activity. Non-specific binding of antibody was prevented by pre-incubating the sections with goat serum for 60 min. After removal of the blocking solution, the sections were incubated with rabbit polyclonal anti-legumain antibody (1:500 dilution; Sigma-Aldrich) in 4% goat serum at room temperature for 1 h. Subsequently, the sections were incubated with horseradish peroxidase (HRP)-conjugated goat anti-rabbit immunoglobulin (1:1,000 dilution; Sigma-Aldrich) for 60 min. The sections were washed with PBS between each incubation step. Antibodies were visualized using staining with a 3,3'-diaminobenzidine tetrahydrochloride substrate kit (Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China) for 3 min. Next, the sections were rinsed with water, followed by counterstaining with hematoxylin and eosin (Beyotime Institute of Biotechnology). Subsequently, the sections were de-hydrated in 80, 95 and 100% ethanol for 5 min each, and three times in xylene for 3 min each prior to being mounted.
Histological evaluation of legumain staining in UM specimens. The expression levels of legumain in UM specimens were quantified based on the extent and intensity of the staining. The extent of legumain staining was quantified using the following scale: 0, no staining; 1, staining observed in ≤40% of the viable cells; 2, staining observed in >40% of the viable cells. The intensity of legumain staining was scored as follows: 0, no staining; 1, low-intensity staining; 2, high-intensity staining. The specimens were analyzed by two pathologists blinded to the study and the consistency of their scoring was 91%. Whenever differences in the scoring were present, the average of the two score was used as the result.
The total score was defined as the sum of the extent and intensity of legumain staining, and the specimens were divided into two groups based on their total scores: Negative or low legumain expression was defined as a total score of 0-2, while high legumain expression was defined as a total score of 3-4.
Evaluation of clinical and pathological factors. Pathological analysis of the surgical specimens was performed by two pathologists blinded to the study. The size of the primary tumor was determined by measuring the largest basal diameter (LBD) and the maximum tumor height (MTH). Tumors with LBD<10.0 mm and MTH<2.5 mm were classified as small tumors, while tumors with an LBD≥10.0 mm or MTH≥2.5 mm were classified as large tumors. Specimens were examined 
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for local tumor local invasion. Negative local invasion was defined as the absence of infiltration into the sclera or optic nerve; otherwise, positive local invasion was considered to be present. Metastasis was defined as positive whenever it occurred during a five-year post-operative follow-up period.
Statistical analysis.
Values are expressed as the mean ± the standard deviation. The association of the legumain expression with clinical and pathological features was tested using the χ 2 and Fisher's exact test. The association of legumain expression with five-year survival was evaluated using the log-rank test and displayed in Kaplan-Meier plots. A two-tailed P<0.05 was considered to indicate a statistically significant differences. All statistical analyses were performed using SPSS 16.0 (SPSS, Inc., Chicago, IL, USA).
Results

Legumain expression is upregulated in invasive UM cells.
Overexpression of legumain has been observed in several solid tumors and has been indicated to be correlated with tumor invasion and metastasis (7). To investigate whether legumain expression was differentially expressed in invasive or non-invasive UM cells, the MUM-2B and MUM-2C cell lines were subjected to immunofluorescence, western blot and RT-qPCR analyses.
Immunofluorescence staining revealed that legumain was expressed in MUM-2B and MUM-2C cells (Fig. 1) . Furthermore, semi-quantitative analysis showed that the expression of legumain mRNA and protein in MUM-2B cells was elevated compared with that in MUM-2C cells (Fig. 2) . Table I . Expression of legumain in the three uveal melanoma cell types.
Legumain expression --------------------------------------------------------------------------------------------Cell type
Cases, n (%) Low/negative, n (%) High, n (%) P-value (18), the results suggested that legumain may be a biological marker of invasive UM-cell behavior, and may thus be a potential prognostic factor of UM.
Legumain is differentially expressed among UM-cell types.
To investigate the prognostic value of legumain in UM, the expression of legumain was examined in UM specimens by immunohistochemical analysis. Legumain was expressed in most of the UM specimens; based on the total score of legumain staining, 35 of the 82 specimens exhibited high expression, while the other 47 exhibited low expression. The results showed that the expression levels of legumain were independent of age and gender in the high-and low-expression groups, while it was dependent on the type of UM cells. Within each of the three types of UM cells (epithelioid, mixed or spindle-like) in the tissue specimens, the expression of legumain was found to be either high or low (Fig. 3) . However, high expression of legumain was observed to be more common in epithelioid UM cells than in spindle-like UM cells (Table I ). In mixed-type UM cells, legumain was preferentially expressed in epithelioid cells ( Fig. 3E ; red arrows) rather than in spindle-like cells ( Fig. 3E ; green arrows). The observed preferential expression of legumain in epithelioid cells suggested that legumain may be associated with the enhanced malignant behavior of epitheloid-cell UM (1).
Association of legumain expression with clinical and pathological characteristics.
In analogy with other tumor types, the prognosis of UM is affected by more than one factor. Negative clinicopathological prognostic factors in UM include epithelioid-cell morphology, large tumor size as well as the presence of local invasion and metastasis (1) . In order to elucidate the role of legumain in the malignant behavior of UM and assess its prognostic value, it is required to determine the association between the expression of legumain and these clinicopathological factors.
Preliminary analysis showed legumain expression was associated with large tumor size, local invasion and metastasis (Table II) . However, tumor size, local invasion and metastasis were all associated with the UM-cell type (data not shown). 
Legumain expression -----------------------------------------------------------------------------------------Prognostic factor
Cases, n (%) Low/negative, n (%) High, n (%) P-value (20) 4 (5) 12 (15) Table III. Legumain expression is associated with local invasion in each type of uveal melanoma.
Legumain expression --------------------------------------------------------------------------------------------Cell type
Cases, n (%) Low/negative, n (%) High, n (%) P-value 
Legumain expression -------------------------------------------------------------------------Site
Local invasion Size/presence Cases, n (%) Low/negative, n (%) High, n (%) P-value (6) 12 (22) Table IV. Legumain expression is not associated with tumor size or metastasis in each type of uveal melanoma. 
Legumain expression -------------------------------------------------------------------------------
A B
Therefore, legumain expression and prognostic factors may be dependent on the UM-cell type.
To further specify the association of legumain expression with UM tumor behavior, further analysis was performed on each UM-cell type. In contrast to the preliminary results, legumain expression was found to be associated with local invasion (Table III) , but not with tumor size or metastasis in every UM-cell type (Table IV) . These results suggested that legumain is primarily associated with local invasion of UM.
To confirm that legumain was primarily associated with local invasion, but not with tumor size or metastasis, its expression was compared between tumors with or without local invasion. The results showed that legumain expression was independent of the tumor size or the presence of metastasis, while it was highly asssociated with local invasion (Table V) . The association of legumain with tumor size and metastasis shown in Table II is most likely due to its association with local invasion.
High expression of legumain is associated with poor outcome of UM. To determine the prognostic value of legumain in UM, the five-year survival rates were compared between patients with high and those with low/negative legumain expression. The overall survival analysis revealed that the patients with high legumain expression exhibited poorer survival as compared to that of patients with low/negative legumain expression ( Fig. 4A ; log-rank test, P<0.001). Since legumain expression was shown to be associated with local invasion, the negative impact of legumain expression on patient survival is likely to be due to legumain-induced local invasion of UM.
To test whether legumain expression alone had any impact on UM prognosis, further survival analysis was performed in patients with or without local invasion. Among the 28 patients without local invasion, there was only one case of high legumain expression, and all patients had survived at five years following surgery; therefore, it was not possible to perform any survival analysis. Among the 54 patients with local invasion, patients with high legumain expression exhibited poorer survival than patients with low/negative legumain expression ( Fig. 4B ; log-rank test, P<0.046). These results indicated that high legumain expression is a negative prognostic factor for UM.
Discussion
The prognosis of UM is largely dependent on tumor behavior, which is essentially determined by the tumor-cell type. The UM cell line MUM-2B is highly invasive, while MUM-2C exhibits low invasiveness (18) ; furthermore, patients diagnosed with epithelioid-cell UM exhibit poorer survival than patients with spindle-cell UM due to the increased invasiveness of the former (1,3) . In the present study, legumain was shown to be expressed in MUM-2B as well as MUM-2C, while it was significantly higher in the more invasive MUM-2B cell line compared to that in MUM-2C. Furthermore, legumain expression was observed to be higher in epitheloid-cell UM specimens compared to that in spindle-like UM cells. These results supported the hypothesis that upregulation of legumain is associated with malignant behavior of UM.
While a preliminary experiment indicated that high expression of legumain was associated with large tumor size and the presence of metastasis, it was subsequently revealed that this observation was due to the sole association of legumain with local invasion, while it was independent of tumor size and metastasis. Considering the general mechanism of tumor progression, legumain expression may have a causal association with metastasis by promoting UM metastasis via enhancing the local invasion of UM cells. While no causal association was present between large tumor size and high legumain expression, the likelihood of local invasion may have been increased in large-size tumors, which was promoted by legumain in parallel.
The results of the present study, combined with the results of a previous study (20) , indicated that the negative impact of legumain on the prognosis of UM may be attributed to its effect of promoting local invasion. However, survival analysis of the 54 patients with local invasion showed that, by contrast to patients with low/negative legumain expression, high legumain expression was associated with poor survival of UM patients. Since in patients with local invasion, legumain expression was not associated with tumor size or metastasis, it is indicated that legumain may exert its negative effects on UM prognosis through other pathways.
Little is known regarding other biological functions of legumain. A previous study showed that legumain is involved in nucleoplasmic calcium signaling pathways that regulate cell proliferation, and it was suggested that increased expression of legumain might be involved in carcinogenesis (21) . Legumain was also shown to be highly expressed in tumor-associated macrophages (TAMs) in the tumor microenvironment (12) . TAMs have an important role in tumor angiogenesis and metastasis (22) ; however, the possible implication of legumain in this process remains elusive. A recent study reported that legumain induced chemotaxis of primary human monocytes and human umbilical vein endothelial cells (23) , suggesting that legumain may also have a role in recruiting macrophages and angiogenesis.
Legumain has been shown to be present not only intracellularly in endosome/lysosome systems, but also on the surface of tumor cells and endothelial cells, as well as in the extracellular matrix (7, 16) . The enrichment of legumain in tumor microenvironments provides opportunities for several potential therapeutic approaces. A novel legumain-activated, cell-impermeable doxorubicin pro-drug, LEG-3, was shown to completely arrest the growth of a variety of neoplasms, including multidrug-resistant tumors, in vivo, and significantly prolonged survival without evidence of myelosuppression or cardiac toxicity (16) . Several other novel legumain-activated pro-drugs have also shown promising potency against tumors (15) . The enrichment of legumain in the tumor microenvironment also makes it a target for tumor immunotherapy. Studies have shown that a DNA vaccine targeting legumain-expressing cells suppressed tumor growth and dissemination by inducing a specific CD8+ T-cell response against legumain-expressing cells in vivo (9, 12, 13) . Due to the importance of legumain in the promotion of tumor invasion, the suppression of legumain expression or inhibition of its function may also be feasible approaches for anti-tumor therapies.
The present study revealed that legumain has a negative impact on the prognosis of patients with UM. Patients with UM tissues exhibiting high and extensive staining of legumain exhibited shorter survival than those with weak and confined legumain staining. However, only the combination of high intensity and extent of legumain expression had a significant negative impact on patient survival, suggesting that both factors should be considered when posing a prognosis for UM patients.
The present study indicated that legumain was overexpressed in epithelioid UM cells with high potential of invasion. Legumain was revealed to be a prognostic biomarker for UM with a significant association with local invasion, which requires further clinical evaluation. Furthermore, legumain-activated pro-drugs and anti-legumain immunotherapy may represent novel approaches for UM therapy.
